VEGF-induced antidepressant effects involve modulation of norepinephrine and serotonin systems.
Throughout life, we are exposed to a variety of stresses, which may be inevitable and noxious sometimes. During evolution, animals must have acquired some physiological means to counteract stress. Vascular endothelial growth factor (VEGF) is an angiogenic and neurogenic factor, which has been shown to elicit antidepressant-like effects in response to different external stimuli, potentially functioning as an anti-stress molecule. However, it remains largely unknown how VEGF modulates mood-related behaviors. To investigate molecular correlates, we analyzed monoaminergic systems of VEGF transgenic mice that display antidepressant-like behavior. Immunostaining showed that overall morphologies of monoaminergic nuclei and their processes were normal. However, we found imbalances in brain monoamine contents, in which the levels of norepinephrine and serotonin, but not dopamine, were decreased exclusively in the regions where VEGF was expressed. The turnover of norepinephrine showed a marked increase and serotonin turnover showed a modest reduction, whereas dopamine turnover was not affected. The protein levels of tyrosine hydroxylase and tryptophan hydroxylase, the rate-limiting enzymes of catecholamine and serotonin synthesis, remained constant. The mRNA levels of monoamine receptors were generally similar but adrenergic receptors of ADRα1A and ADRβ1 were down-regulated. Behavioral tests showed that serotonin- or norepinephrine-selective antidepressant drugs failed to additively enhance antidepressant-like behaviors, whereas monoamine depleting drugs attenuated VEGF-mediated antidepressant-like effect. These data suggest that VEGF-induced antidepressant-like effects involve modulation of norepinephrine and serotonin systems.